INTRODUCTION
For hepatectomy, laparoscopic surgery is preferred in the clinic with the advantages of less trauma, less pain, faster recovery, and a shorter hospital stay than traditional open surgery [1] . However, many patients still suffer from postoperative pain resulting from the surgical incision and associated tissue injury, which lengthens the bedridden time and increases the risk of complications. Therefore, optimal and reliable analgesia for postoperative pain control is very important. Thus, many researchers have reported methods to improve postoperative pain control, accelerate recovery, and decrease hospital stays, such as local anesthesia at the trocar site [2] , decreased pneumoperitoneum [3] , and intraperitoneal nebulization of anesthetic [4] . Therefore, many methods have been developed and have proven useful, but there is not a simple and effective method that can be clinically adopted in a widespread manner. The focal point of the controversy regarding local anesthesia after an operation centers around the following questions: What the anesthetic is, what the concentration is, and where it should be used. Most previous trials have estimated the degree of analgesia using a visual analog scale (VAS), which is rather subjective. Therefore, we designed this case-control study to examine the efficacy of multisite infiltrative analgesia in trocar sites and sponges soaked with ropivacaine after laparoscopic hepatectomy using VAS, blood biochemistry, and other standards.
To evaluate the effects of ropivacaine on pain control after laparoscopic hepatectomy, we designed a randomized, double-blind, placebo-controlled clinical trial to find an effective and convenient method to decrease postoperative pain and accelerate recovery.
MATERIALS AND METHODS

Subject population
The study was approved by the Ethics Committee of Qilu Hospital of Shandong University (No. 2017052) . From May 2017 to November 2018, 146 patients (age range: 20-80 years; weight: 50-90 kg) undergoing laparoscopic hepatectomy performed by our team at the Department of Surgery, Qilu Hospital of Shandong University (Jinan, China) were included in this study. All patients signed an informed consent form before the operation. Patients were excluded if they had acute cholecystitis, serious chronic pain disease, history of alcohol abuse, tranquilizer treatment before surgery, cognitive impairment, or history of allergy to any of the drugs used in the study.
Before the start of the study, random sequence was generated with the Statistical Package for Social Sciences (SPSS) 20.0 (SPSS Inc., Chicago, IL, United States). The patients were randomized into two groups with the table of random numbers on the day of surgery. A group of patients received ropivacaine infiltration around the trocar insertion and abdominal wounds for specimen extraction, and another group of patients received the same volume of normal saline; at the end of the operation, uniform disposal was similar across groups.
Anesthesia methods and surgery
All patients received standard general anesthesia administered by the same anesthetist not involved in the study. Anesthesia was induced with propofol, midazolam, rocuronium, and sufentanil. General anesthesia was maintained with 2% sevoflurane.
Twenty milliliter solutions containing either 7.5 mg/mL ropivacaine for the ropivacaine group or normal saline for the control group were prepared and provided by an identical anesthetist, and the surgeons were not informed of the contents of the solution or of the patient allocation. Before trocar withdrawal, a gelatin sponge was soaked with 10 mL of the prepared solution and used to cover the cutting surface of the liver. At the end of the surgery, subcutaneous tissue and deep muscle around the trocar incision and abdominal wound for specimen extraction were infiltrated with 10 mL of the solution with a needle introduced through the skin. Finally, one drainage tube was routinely used for the patient, and the tissue surrounding the tube was also infiltrated with the solution. All patients were given a patient-controlled analgesic (PCA) device containing 100 mL of 1 μg/mL sufentanil that was delivered at a rate of 2 µg/h to the venous catheter. When the patient felt pain, they pushed a button on the device, and 0.5 mL of additional sufentanil was delivered. The gelatin sponge used in the two groups were the same (Xiangen Medical Technology Development Co., Ltd., Jiangxi, China).
Data collection
During the preoperative communication, all patients were taught how to describe their postoperative pain level using a VAS ranging from 0 (no pain) to 10 (maximal pain). Pain was assessed with the VAS at rest and on movement including coughing and leaning to one side. Pain scores, nausea, vomiting, mean blood pressure, and heart rate (HR) were recorded before the operation and at 0 h, 6 h, 12 h, 24 h, and 48 h after the operation. The cumulative consumption of sufentanil by the PCA device was recorded at 6, 12, 24, and 36 h. If the patients experienced nausea or vomiting, metoclopramide was given. Blood was sampled for detection of levels of epinephrine, norepinephrine, and cortisol at 0 h, 24 h, and 48 h after the operation. Quantitative changes in the levels of catecholamines, including adrenaline, noradrenaline, and dopamine, were analyzed. The surgical stress hormones (epinephrine, norepinephrine, and cortisol) were detected using commercial enzyme-linked immunosorbent assay kits (Cusabio Biotech Co., Ltd., Wuhan, China).
Statistical analysis
A total of 146 patients were included in the study from May 2017 to November 2018. Finally, 69 patients in the ropivacaine group and 67 patients in the control group were included in the statistical analysis.
Continuous data (age, weight, duration of surgery, trocar number, incision length, VAS, and level of hormone) are presented as the mean ± SD. These data were analyzed by t-tests. The P-value and 95% confidence interval (CI) were calculated. Categorical data [sex, American society of anesthesiologists (ASA) grade, and operation type] are presented as the number of patients and were analyzed by chisquare tests. All data were checked for normal distribution. Data analysis was accomplished with SPSS 20.0 (SPSS Inc., Chicago, IL, United States). P < 0.05 was considered statistically significant.
RESULTS
In the end, 139 patients successfully received the surgery, including laparoscopic hepatectomy and the use of the prearranged solution. Four patients and three patients were converted to open laparotomy due to operational difficulties and uncontrolled bleeding during the operation, respectively. Subsequently, three additional patients were excluded from the study: One in the ropivacaine group (because of a second operation for bile leakage) and two in the control group (due to a transfer to the intensive care unit for postoperative dyspnea and a second operation for postoperative hemorrhage). For the statistical analysis, 69 patients in the ropivacaine group and 67 patients in the control group were included.
The demographic data, ASA grade, and details of the surgery, including the surgery type, duration, trocar number, and the length of incision for specimen extraction, were similar between the two groups ( Table 1) . Postoperative pain scores were significantly lower at rest in the ropivacaine group than in the control group, at 0 h, 6 h, and 12 h and significantly lower on movement at 0 h, 6 h, 12 h, and 24 h (P < 0.05). Mean arterial pressure (MAP) was significantly higher in the control group than in the ropivacaine group at 6 h (P = 0.002) and 12 h (P = 0.032) ( Figure 1 and Table 2 ).
The magnitude of the changes in epinephrine, norepinephrine and cortisol levels above the normal levels was significantly different between the two groups at 24 h and 48 h after surgery (Figure 2A -C, Table 3 ). Cumulative sufentanil consumption was significantly different between the two groups at 6 h, 12 h, 24 h, and 36 h (P < 0.05 for all comparisons, Figure 2D and Table 2 ).
Postoperative hospitalization was shorter in the ropivacaine group (7.24 ± 2.50) than in the control group (7.70 ± 2.95), but there was no significant difference (P = 0.324, Table 4 ). There were similar findings between the two groups regarding vomiting (55.7% and 60.0% for the ropivacaine group and the control group, respectively), and the difference between the two groups for nausea (12.9% and 18.6% for the ropivacaine group and the control group, respectively) was not statistically significant (Table 4 ). Other complications, including hydrothorax, ascites, peritonitis, flatulence, venous thrombus, and incision infection, in the two groups were not significantly different (P = 0.339) ( Table 4 ).
DISCUSSION
Compared with open surgery, the laparoscopic technique has largely reduced surgical trauma and hospitalization; however, postoperative pain is still an important problem for physicians and patients [5] . Postoperative pain is a phenomenon in which different variables must be taken into account [6] . Surgical incision is the main origin of the pain stimuli, which is influenced by the length of the incision, the number of trocars, and trauma occurring when removing the specimen. Another important factor is pneumoperitoneum created with CO 2, which causes peritoneal stretch, diaphragmatic stretch and chemical irritation, and the attendant carbonic acid formation. Additional causes of pain may involve increased inflammatory mediators after tissue injury, increased lactate concentrations and low pH in the skin and muscle wounds, and central neuronal sensitization [7] . To date, not all of these components are known to be involved, and therapeutic approaches still need to be improved.
Ropivacaine is a long-acting amino amide local anesthetic drug. Ropivacaine blocks the generation and conduction of nerve impulses, presumably by increasing the threshold for electrical excitation in the nerve, by slowing the propagation of the nerve impulse, and by reducing the rate of rise of the action potential [8] . Ropivacaine is a well-tolerated regional anesthetic effective for surgical anesthesia and postoperative relief. The nerve block effect is related to the drug concentration. When the concentration of ropivacaine is 0.2%, the sensory nerve block effect is better, but there is almost no motor nerve block effect; when the concentration is 0.75%, the nerve block effect is better. This "separation block" is the characteristic effect of ropivacaine. Thus, ropivacaine, with its efficacy, low propensity for motor block, and reduced potential for central nervous system (CNS) toxicity and cardiotoxicity, appears to be an important option for regional anesthesia and the management of postoperative pain [9] . In this study, adverse effects of ropivacaine for local anesthesia, such as allergic reactions, local tissue toxicity, cardiovascular toxicity, central nervous system toxicity, and systemic toxicity, were not observed.
Measures that have been reported to assist in the treatment of postoperative pain include inducing local anesthesia, decreasing pneumoperitoneum pressure [3] , and administering non-steroidal anti-inflammatory drugs (NSAIDs) and opioids [10] . We found several trials that assessed the effects of local anesthesia in intraperitoneal, subdiaphragmatic, and trocar sites, which significantly decreased postoperative pain scores [11, 12] . Postoperative pain mainly comes from wounds of the abdominal muscle and peritoneum. Beyond those causes, injury of Glisson's capsule can also influence pain [13, 14] . Therefore, in our study, ropivacaine not only infiltrated the subcutaneous and deep muscle fasciae and peritoneum but also covered the liver cutting surface in a soaked gelatin sponge to relieve the pain caused by capsule injury. This study has shown the analgesic efficacy of local infiltrative and soaked sponge cover with ropivacaine after laparoscopic hepatectomy, suggesting the method as a reliable strategy for analgesia after operation. Based on the pain score at rest and the significantly lower movement seen in the ropivacaine group than in the control group, ropivacaine was considered to have a clear analgesic effect that lasted approximately 24 h.
Surgical stress could cause changes in the neuroendocrine, metabolic, immune, and hematological systems [15] . Surgical stress is mainly caused by injury during the operation, including somatic and visceral trauma. Surgical stress causes a series of hormonal changes; in the study, we chose catecholamines (epinephrine and norepinephrine) and cortisol as a reference to estimate the degree of surgery stress [16] . The levels of epinephrine, norepinephrine, and cortisol were significantly reduced in the first 48 h after surgery in the ropivacaine group compared to the control group, which means that the ropivacaine method produced clear effects. The use of ropivacaine significantly reduced surgical stress.
Pain relief plays a leading role in enhanced recovery after surgery (ERAS), which will bring many benefits [17] . Theoretically, exercising the lower limbs will promote blood circulation, which can reduce the formation of venous thrombosis [18] . Early ambulation increases lung ventilation, which promotes the exclusion of tracheal secretions and prevents pulmonary complications [19] . Early ambulation after surgery can also promote gastrointestinal peristalsis, reduce abdominal distention, improve appetite, and prevent constipation. However, in the present study, the complications described above showed no significant difference between the groups. One reason may be that compared with traditional open surgery, the laparoscopic technique clearly reduced pain, so the complications between the two groups were not sufficiently distinct. Another potential reason is that the incidence of thrombus of the lower extremity veins and incision infection is low in laparoscopic hepatectomy, so the differences were not significant with a limited sample size.
Although the results support the notion that multisite local infiltration and the sponge soaked with ropivacaine significantly decreased postoperative pain, there are also deficiencies in this study. First, we have not validated the analgesic effects of ropivacaine at different concentrations. More research is needed to determine the best concentration and dose used for local anesthesia after laparoscopic hepatectomy. Second, this study did not determine whether the analgesic effect of ropivacaine was effective for all patients or whether sex, age, weight, disease conditions, and other factors influence the analgesic effect of ropivacaine. Third, the adverse reactions of ropivacaine, such as wound infection and muscle damage, were not significantly different in this study, which may have been because the sample was not large enough or the ropivacaine concentration was too low. Moreover, the incidence of nausea, vomiting, and abdominal distension caused mainly by general anesthesia and pneumoperitoneum is not obviously reduced by the use of ropivacaine-soaked sponges. To overcome these deficiencies, more research is needed.
Taken together, local anesthesia with ropivacaine is a simple and inexpensive way to achieve analgesic effects after laparoscopic hepatectomy (Figure 3 ). With sponges soaked with ropivacaine covering the cutting surface of the liver, the concentration of ropivacaine can be maintained for a longer time with a lower incidence of abdominal infection than seen from the intraperitoneal administration of ropivacaine. Ropivacaine infiltration anesthesia reduces postoperative somatic pain, while sponges soaked with ropivacaine can reduce visceral pain and last for a long time, thus avoiding the administration of high doses of opioid analgesic drugs. In addition to analgesia, ropivacaine can also shorten hospitalization and the time spent in bed, potentially leading to a faster recovery. Considering the simplicity, safety, and efficacy of multisite local anesthesia and the sponge covering of the liver with ropivacaine after laparoscopic hepatectomy, this method is very worthy of application and promotion. In the future, the method could be applied to more areas such as gastrectomy and rectal resection with further study. 
ARTICLE HIGHLIGHTS
Research background
The postoperative pain caused by laparoscopic hepatectomy delays patients' recovery, although the pain has reduced a lot compared with laparotomy. Although many methods have been reported for pain relief including intravenous analgesia, epidural analgesia and so on, these methods have their limitations and contraindications. Local wound infiltration is a simple and safe method that can effectively relieve the pain after surgery. The current study was designed to evaluate the effects of ropivacaine on pain control after laparoscopic hepatectomy and to examine whether this local anesthetic technique accelerates patient recovery, thus contributing to the idea of fast track recovery surgery.
Research motivation
Many methods have been reported to improve postoperative pain control, but there is not a simple and effective method that can be clinically adopted in a widespread manner. We designed this study to find an effective and convenient method which can be can be clinically adopted to decrease postoperative pain and accelerate recovery.
solved: The best concentration and dose used for local anesthesia need more research to determine, and more effective anesthetics and better method of application need to be found.
Research conclusions
This study provides evidence supporting that infiltration with ropivacaine in the abdominal wound and covering the cutting surface of the liver with a gelatin sponge soaked with ropivacaine after laparoscopic hepatectomy can improve postoperative pain relief, reduce surgical stress response, and accelerate postoperative recovery. This method is very worthy of application and promotion for its simplicity, safety and efficacy.
Research perspectives
In this study, the effect of pain relief of ropivacaine remained no more than 24 h to 48 h, so anesthetics with a more lasting effect need to be found. Furthermore, more research is needed to determine the best concentration and dose used for local anesthesia. Methods of anesthetics application are variable, so researchers could try to find more effective and convenient techniques for pain relief.
